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ABSTRACT 


The comparative cranial osteology of three species of 
Scicklebac&ks, “Culauca 1teonstans, Pungetius pumgttius , and 
Apeltes quadracus was studied in detail. The material was 
stained and cleared with an enzyme technique. Details of 
the comparative morphology of the cranial osteology were 
carefully studied by dissecting the specimens under a 
dissecting microscope. Drawings were made with the aid of 
a camera lucida on a Wild M-5 microscope. Standard length 
of the specimens was measured in mm. with dial calipers. 

No cranial bone is unique to any of the three species. 
The only differences in bones are morphological differences 
and differences in number. 

' Ge "Geseiice tye morphological features of each species 
are characterized by the following: Culaea, the single- 
ethmoid bone is small with a lateral wing-like process; 

the lachrymal bears a deep indentation on the antero-dorsal 
surface; the last suborbital possesses several shallow lobe 
along the posterior margin; the entopterygoid does net 

reach the symplectic floor. Pungitius, the single ethmoid 

is oval-shaped; the last suborbital is dichotomously branched 


on the posterior margin; gill rakers are conspicuously long. 


We 


Apelttes, the ethmoid is short; the vomer head is long and 
rectangular; the last suborbital has a pointed end; the 
angular possesses a blunt postero-dorsal process and the 


process of dentary is overlapped by the angular process. 


af 


’ a 7 . 
| @up Shso med + .one) coe io .Au este ph oie ae 7 ii 


; we ; wy. 
bid work? ee eee ws ede 
\ ji : * 
: : a : 
: ie ie tie 2 @ a aie Sell aM 
- ( 
( 
i 
* 
s 
a 
, , 
; Py, 
iA a Te es 
- 


2 ? 


nD 
ity ras aig S| 
' 


a eis 
war 9 sin bitPacles L 


. 
—r aa 


7 


< 
o 


ACKNOWLEDGEMENTS 


I would like to express my sincere thanks to Dr. J.S. 
“Nelson, my Supervisor, for the following: suggesting this 
feSeare,, GUulcance, Critical “review, ‘and ‘encouragement 


EhrOuUgIOULT NG Pescarci, aud nielp Curing the writing Of Chis 


Financial support was provided by teaching assistant- 
ships from the University of Alberta and from the National 
Research Council through operating grants to Dr. J.S. Nelson. 

Pen Indep ted coor sell "Gabino “and (Ur hore Ry renia 
for their reading of the manuscript. 

i thank Brian Suviiey “for Nie assistance im collecting 
the study specimens from the Astotin Lake, E1Lk Island 
National Park. 

Dr. J.S.) Nelson provided the specimens of Pungittus 


pungittus and Apeltes quadracuse. 


a 


TABLE OF 


De OE: 
INTRODUCTION 
MATERIALS 


Source of Material 


Method of staining and Clearing 


Method of Study’. 


RESULTS 


Check List 


Descriptive Osteology 


GU ee vebeversna slays 


AND METHODS .. 


ceeeeeeee 


CONTENTS 


@ 6 -@ 6° 6 6.0 U @ ¢. 6 8 « «© © 0 6 @ a & © 6 @¢ 6 ¢ © eo 6 6 


eo 6: 6 © 0 8 6 06 |S s |0) «© Fe “6. 4 


eweeee7ence4c«&#neecete 8 e@es © @ 6¢ & @ © @ @ © «@ ee 


upiaee Nasal region eeeee#eee8¢e e+e e e ee Oy OO O7¢: (6) Gy O'S Le e s « . ° 


TL FAQ pip ike alee Ue ats cis ea nee ne SA ales Sere tests 


Basicranial region 


@ ELCs FEO OMe en ene s tate cig ete We a ete bate eed eee os 


NT Boies Shape lia yal MUM lems mis i! 71 SU1 | ee hor eer a ee eee tee ea ae ee 


A. Hyobranchial region 


B. Opercular series 


Vil. 


DISCUSSION AND CONCLUSIONS 


Poe OIE TE Yo Seet eats tae. shia eho ee 


Oromandibular region 


a @ @ @ 8 © 16 © 6 16 (@ "eo @ 2 ‘e @ 


AO 6) 4070) G8 a) 6) (@)'8 ‘G16, © 61 6 Ore) 6. 0b Ve 0.8487 S) 8: 


|} 


35 


49 


7 


oe uy 
; pene 
bide ies ae 7 ae “e 


dete pte 
7 2 
sa uh. sleoeieh ORIN ae _ 1m? Fee ~ “— : 
} ni 3 ‘ 
Ree ane es saree * ney ; 
. re) 
‘axbicls Siessal take kien sorrsuncmtier. 
(f= : 
4's s Luge helm yaw oes + mee ‘elit PAR. BAINES : 
Te ‘ad - 


as ta a ae nea Khieasied dp shaped 
. es) « ‘a re ee se = s soon i" bat, Sfidinas Se uet get 
1? 2 dh: & © eee bie A 2 meg aie yin de Laks boise 


"eo 


dare Se -k'g @ gen 8 eee eee bes Vdsecwey Get. $5680 : 
. « ¥ — i 
tite seltadevesebkeond EPrloote? sedagiaveeg gs) | 


Teer Oe ee eee sakgos incall 4 

14 ise ns Soke Wane dies Ps COLGMY tadtawe', 2% gos i. ad 

Bene fer tren ee ucdiete. abso, Tr | | a 

. <phase een eee MAL Gea enemas r 

; SP = og eeuecuneicl . a | 
‘ 

ey Sopa aadina a le ae ’ ih | | 


- bate ae 


7 


‘eam aes oP eet , et) a. 
: ai fae. en 
: Se — 


Pq re 


Figure 


Figure 


RLaure 


Figure 


Figure 


Ov 


A ag 


12. 


LIST OF FIGURES 


B. Ventral aspect of 


Pungtttus pungittus 


C. Ventral aspect of 
Apeltes quadracus 
Aw NeTtral Sepecc or 
Culaea tneonstans 


B. Ventral aspect of 


CONTINUED 


neurocranium of 


neurocranium of 


o° fe) ‘a <0; ce) Jee” ii “6 (6 Oe 8 6. 8 6] em Uf mt US 


parasphenoid of 


PUL? CEUS PUNO Te COGS crag gna Gin a ee 


CG. Ventral aspecr of 


Apeltes quadracus 


parasphenoid of 


Ce TEAe “teed ye. © 0 ie, 0) (e100! ie <9 a, is. 


Lateral’ @Spece of Neurccrantum: oF 


Culaea tneonstans 


0) 1016 26 ce: ce ie: 6 a) 6: 0 te: (0 ue ce te 16) ie ie: 


Lateral aspect of neurocranium of 


UOT UU END UM Ober Pui Ctians fee Rah tee vets ENED 


Lateral aspect of neurocranium of 


Apeltes quadracus 
A OFDidead, Teeton tot 
By, Orbutel’ regronjot 
C. Orburta Istvan rt 
Be Ventral aspeco mr 
Cuilaea tneonsitanse 


B. Ventral aspect wr 


t 


PUG IAEES, AO ULICOAL BUS: Sa rotcliehe, sect aaa eee 


G.. Vertralwasrece on 
Apeltes quadracus 


V 


oe ere” (Ole! ceo ie. Te) 6-0 0) 6, Ce Fe a ee Re 


Culaeda imeons tans 


Pungtttus pungtttus 


Apelves quadracvs .. 


ethmoid region of 


Py ie ee et ys ey en Ye el Fs ery pm ee We Pe fei te 


ethmoid region of 


ethmoid region of 


6008) OG! OF OP Ate lO Ve “Otel Oe One e 0) <0 


51 


58 


58 


58 


60 


63 


63 


63 


7 a 
tos 
ihe | 
i” ee “4529 aD a 
il 8 ee tagiteetese a. nce 
L; eo a ee wll he ipa 
ib Mitesh poy ome Fosiwry, & 
ee. Pee ren. ye oF es eas ee 


1@ Hlenehvaaags © iG ngaihes? 3a 


oo~ : 
5 om 


~ 


of é a) ‘= i" a ol ald ; aa! rs yiegi® 


Pe Seyat Wye-bat) 25° 6 LAL? | 


= 


OF HahtcBrgsiied’ (>. 314 ye - yhece | Soe ee! 7 
pa g : : ’ : n : 7 
ye is 5&0 - p = J A . FimaA ry ~eane : 7 7 
: _ 
oT) 6 ’ #, , ; i 7 
ee) ‘otm-4h 06 YC fiwh > Celerra veil® oo wre 
iw : 4 ‘a'/f — To J¥ 7 os ty 7 oa > bas Gee oa ; 7 7 
™ Toone er ewanas Piri! 3? ae iced Jerr heads of oat ohiws3 


of » - 
7 > mi gry) @ \feve.° hte ; 

Pay heen og fs ie 
, en : ie Sena 


7 


:Wejul a= ame ak a 


Figure 14. 


(gic Ghgs lamers 


@ 


icine eho. 


Figure i /.. 


LiPBeOr of iGURE a (CONLINUED 


[eelels: 


A. lateral aspect OF Sethe re ie oe acess ee 
VeqLon TO Culaea PMO COCs calm etic rel oe 8 
B, Lateral aspect of quadrate-hyomandibular 
Leguon Ol wma ee Ie? PIAS) anaes een oe 
C. Lateral aspect of Gquadrate—hyomandibular 
HeGLOnN Olwipelves Guimdiy eee (Laas cae ee 
AS eceral aspecu ror oromandibular region 
ORT Godel O ean IeS: git, csten veer aiehe taco ees 
Be Waberel Waspece Of Oromandibular xegqion 
SR CIP IDG TLS UIE Tie CELE. wna ute taliee We Pago eost 
Ce woteral aspecu OF OrOmandibular regton 
OL PAE PVCS OU VU CUS fi vels) sa le als Gade e Sote os 
Hyobranchial region of Culaea tneonstans 
A.-Dorsal aspect of hyobranchial region ... 
B. Ventral aspect of hyobranchial region .. 
C. Lateral aspect of basihyal and urohyal 
De wiateralwosveee) Of NYOLd “apparatus 224... 
Hyobranchial region of Pungittus pungitius. 
Ay Dorsal espece Of hyobranchial Tegion ..- 
Ba Ventral aspece of byobranchial negion .. 
C. Lateral aspect of basihyal and urohyal 
D. bateral aspece of byoid apparatus ....., 
Hyobranchial region, of Apeltes quadracus 
A. Dorsal aspect of hyobranchial region <.. 


B. Ventral aspect Of Nhyobranchial région ~~ 


Vi 


64 


64 


65 


65 


LIST OF FIGURES CONTINUED 


C. luateral aspect. of basihyal and urohyal 


D. Lateral aspect of hyoid apparatus 


Sate 


, 


a al 


_ 
te ea as 


ate 


INTRODUCTION 


Many detailed osteological studies have been made on 


On 


Biel) enic, GOsline 9S, Leola Greqory , 1989) farnington , 
oa, Greipel 6ey Maratea ove Norden, [06 i; eceny 1913s: 
Srinkvasachar;; 1955; Vladykov, 1962; Weitzman, 1962). 
Amongst the members of the family Gasterosteidae (stickle- 
backs) , only the osteology of the threespine stickleback 
Gosterostvéeus aculeatus Ginnacus) has been studied in much 
detanl (ecoe., Kamei, L96L. Swinnerton, £902): Nelson (1971) 
made a detailed comparison of the pectoral and pelvic 
skeletons and of some other bones (including several in the 
head) in all gasterosteid species but few or no detailed 
studies have been made on the cranial osteology of the brook 
stickleback (Culaea tueonstans (Kirtland)), the ninespine 
stickleback (Pungi time punoetcius (Linnaeus) ), and the four 
Spine stickleback (Apeites quadracus (Mitchill)). 

Studies on cranial osteology are important because they 
may provide a basis for constructing a sound phylogeny of a 
group. Phylogenetic conclusions,-however, are not attempted 
here because a comparative study of the entire family was 
not attempted. 

The phylogenetic placement of sticklebacks is much 
disputed (perhaps because of a lack of detailed comparative 
etudtes).. Greenwood 26 al. (1966) classifies them as 
follows. Deivusion Ili, Supercrder Acanthopterygii, Oxder 


Gasterosteiformes, and Suborder Gasterosteoidei (with three 
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families - however, Banister, 1970, has shown that the 
Indostomids do not belong here). 
The objectives of this study are as follows: 
1. To present a check-list of the bones in gasterosteids. 
2. To present an illustrated description of the osteology of 


A 


the head of Culaea tneonstans, Pungttius pungtttius, and 
Apettes guadracus. 
3. To compare some of the head bones of these three species, 


Culaea tnconstans, Pungttius pungitius, and Apeltes 


quadracus. 
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MATERIALS AND METHODS 


Source of Material 


Brook sticklebacks were collected from Residence Point, 
Astotin Lake (Fig. 1, 2). A small-mesh seine net was used 
to collect the specimens. The fish were fixed immediately 
im 10% formalin, then later transferred to 40% isopropyl 
alconol. Residence Point is a Shallow bay with soft mud 
and Organic debris on the bottom with a few scattered areas 
of sand. A beaver lodge is located near the collection site. 
LECeowOCcir around the shoreline. 

Astotin Lake is located at the north end of Elk Island 
National Park, which is situated in the Beaver Hills of 
central Alberta. It is the largest lake in Elk Island 
National Park and has a maximum depth of 23 feet (7 m.). 

Tre dake centre [ies at longitude Li2> 5S1L* West and latitude 
.53° 41' North. The city of Edmonton is twenty-five miles 
(40 km.) west of the lake. 

Ninespine sticklebacks were obtained from the Museum 
Of Zoology, The University of Alberta. All were collected 
in North America (primarily Indiana and Alberta). 

'Fourspine sticklebacks were also from collections 
housed in the University of Alberta, Museum of Zoology. 
They were collected from Pennsylvania in the Big Spring Run 
Sires nn L967 by Dr. JU. 8. Nelson, The population 4S an 


introduced one from the Atlantic coast of North America but 
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is now confined to freshwater. 


Method oF Staining and Clearing 


A sample of specimens was stained with alizarin red-sS 
and cleared according to the trypsin enzyme digestion 
bechniguedescribed by Taylor (1967). They were then placed 


in glycerine (to which some thymol was added). 


Method of Study 


Detells CL the comparative morpnology cf the cranial 
osteology were carefully studied by dissecting the specimens 
under a dissecting microscope. Drawings were made with the 
aid of a camera lucida on a Wild M-5 microscope. Standard 


length of the study specimens was measured in mm. with dial 


a 


q 


calipers.(the standard length of the study specimens ranged 
Elo oS tite co. 52 MIN. i. 
The descriptive osteology has been detailed on the 
following different cranial skeleton regions: 
I. Nasal region 
ti. Ofoital’reqion 
ti Occ regi on 
IV. Basicranial region 
V. Branchiocranium Aewuyoprenchia. seqion 
B. Opercular series 


VI. Oromandibular region 


RESULTS 


Check List 


< 


ihe tollowitiaq 1S a check liget.of the cranial sk 


in gasterosteids. The names marked with an 


Single (unpaired) bones. 


1. nasal 
2..mes~ethmoid 

J. Lateral sethmoid 
4. single ethmcoid* 


5. vomer head* 


sO gee eeeh ise cies 
G2. Leonia ls 
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8. suborbitals 


Li. ,Ocic pregien, 
Oo. Sprenouic 

LQ, pterotic (supratemporal 

11. parietal 

2. PEOOLLC 

a SOLO LLe 

14. posttemporal 

i>. SueLecleitirum 


16. intercalary 


asterisk 


Q a 


« 


{eton 


Bee 


fol tf 
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17. Supraoccipital= 


io SxOCccipital 


cle ASC ECE scr kels) 
Lo OeSlOcCcipital* 
20. para~sphenoid* 
(20)a. lateral process of parasphenoid 


(20)b. pharyngeal process of parasphenoid 


V. Branchiocranium 
A. Hyabranchial region 
2) incernyal 
22. epi-hyal 
23 CeOrauony al 
24. hypohyal 
(24),a. Corsal hypohyal 
(24)b. ventral hypohyal. 
25. basihyal (glossohyal) * 
26. posterior basihyal* 
27.) UGouya lL 
26. Orancneostecal Lays 
29. basibranchials 
30. hypobranchials 
31. ceratobranchials 
C3L ya. equkl rakers 
32, epibranchials 


35. pPiaryngo branchials 


B. Opércular series 
34. opercular 
35, subopercular 
36. interopercular 


Die oreo percular 


VI. Oromandibular region 

The oromandibular bones are movably suspended from the 
neurocranium by the palatines anteriorly and by the hyo- 
mandibulars posteriorly. 

38. palatines 

39. entopterygoid 

40, metapterygoid 

41. symplectic 

te edie ce 

43. hyomendzbular 

44. premaxillary 

45. Mia Lary 

46. angular 

47. dentary 
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Descriptive Osteology 
if Wesel eeeg1on (Pig. Gy 2eb C Pig. 5. Ae c) 


Nasal 

Culaea tneonstans 

The nasSals are narrow and elongate; there is a Stender 
process curved downwards from the anterior nasal, projecting 
posteriorly, and lying over the mes-ethmoid (Page 245. 
Pungtttus pungittus 

The nasals are similar to the ones in Culaea but the 
bones are much longer and the ventral processes are Se Ggee 
(Pte Nob), 
Apeltes quadracus 


The nasals are identical to the ones found in Cu 


‘ Mes-ethmoid 
Culaea tneonstans 

The mes-ethmoid is an elongate, hook-like bone. The 
body of the bone is slender. The posterior tip of the bone 
is joined to the palatine. The anterior mes-ethmoid is curved 
fateralivyoto formea hooks gltwismaitree: floating: bene, “not 
Sutured to any other bone, but it does touch the antero- 
dorsal lachrymal. The mes-ethmoid articulates antero- 
medially with the lateral border of vomer head (Fig. 12A). 
Pungittus pungittus 

The shape of the mes-ethmoid is similar to Culaea; 
however, the body of the bone is relatively long and 


stender (FPaig. 125). 
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Apeltes quadracus 
ihe mes=ethmoid sae @consaderably shorter than in the two 


Previeus species: (Fig. 12G)i. 


Lateral ethmoid 

Culgeg tiecors Fane 

ihe lateral ethmoid 16 4 complex bone and taixvly well 
developed. [lt Gouches the posterior nasal and anterior 
frontal where they join. it is seen as one single piece 
from the lateral vaspect (Pig. SA)s; butsthe median view 
Snows 2h internal projection Of this bone which as funnel— 
Siaped.s, “lhe bone Consists Of two distinctive parts, the 
dorsal process touching the antero-ventral frontal, and the 
ventro medial tip of the funnel which is connected dorsally 
with the palatine. The lateral ethmoid forms part of the 
emberior border iol sthe Orbit. There aré no articular 
facets. The posterior nasal process lies anterior to the 
lateral ethmoid and projects slightly below its ventral 
surface. The posterior nasal and anterior frontal meet 
above the dorsal aspect of the lateral ethmoid and 
eruleulatoawrweiett, Ventrally 1G Connects with the palacine. 
The yomer process and parasphenoid are situated between the 
ventral margins of the funnels of the two lateral ethmoids; 
themcontace tis (loose rand cdoesinet forma Join G. 
PURGLEUUS PUN GLETL US 

The lateral ethmoid is more or less similar to that 
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10. 
Apeltes quadracus 
The lateral ethmoid is remarkably well-developed 
compared with the two species mentioned above. It has two 
distinctive parts, a eee Gorsal flap-like nee and a | 
fairly broad part of the ventro-medial lip of the funnel 


(hi GeeeeC)<, 


Ethmoid 

Culaea tneonstans 

The single ethmoid has a nearly vertical body and is 
somewhat of a circular shaped bone with a lateral wing-like 
process (Fig. 12A). The wing-like process of the bone 
touches ventro-laterally the posterior process of the nasals, 
and is situated between the lateral ethmoids. The single 
ethmoid is located medially of the vomer process. 
Pungtttus pungtttus 

The oval-shaped single ethmoid has a relatively broad 
part on the dorsal side. The bone does not possess the 
lateral wing-like process. The single ethmoid is larger 
rhoameiecuLoce (rv. 1258). 
Apeltes quadracus 

The single ethmoid is a relatively large bone with an 
oval shape. The bone sits antero-ventrally on the vomer 
head and laterally articulates with the lateral ethmoids 
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Ai 
Vomer 
Culaea tneonstans 
The vomer head is toothless with two prominent dorso- 


lateral wing-like processes loosely touching the mes-ethmoid 


and slightly connecting with the antera-ventral surface of 
the Nasal process. Posteriorly, the vomer* tapers off into 
a point which enters a channel at the anterior end of the 
Paraspnenoid (Fig. 7A). 
PUHGLELUS PUAGLELUS 

The lateral wing-like process of the vomer is identical 
Lo Culaen (Fig. 7B). 
Apeltes quadracus 

The vomer is a somewhat rectangular bone. It appears 
to -beralimese twice as Long as the vomer in Culcgea and 


Bupoperueatatgee7 Cy, Figs 120). 
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Frontal 
Culaea tneconstans 
Wie wrontals form a Large portion of the root of the 
Cranvet Cavity and the central reofl of “the margin ofthe 
orbital chamber. The bonés articulate anteriorly with the 
posterior nasal and are bounded laterally by the sphenotic, 
postero-laterally by the parietal, and postero-medially by 


thet stipracecipital, Thesivontals form one-Nalt of the root 
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of the skull (defined here as the distance from anterior end 
Of TNaseale to posteriGr end on eupra occipital). The anterior 
end of the frontal is basically narrower than the posterior 
Part which’ oradually expands posteriorly (itis about three 
and one-half times wider than the ant@érior end). “A distinet 
Spine appears along the postero-lateral corner. ota eee 
a COnSpicuous process of the bone can be seen, LonnUigG an an 
BeRUerOo-Ventralete postero=-Lateral direction, which is 
arercitactea With the anterior espnenotic (Fig. 3A, vig. 5A, 
Eon Gate 
PuNotutue PURGTELUS 

Tie rrontals LOorm ia larger porportcion Gf Ehe cranial 
roof than in Culaea. The prominent spine is on the postero- 
Pater wecormer (high 38), Pid. 3p). 
Apeltes quadracus 
‘ 

the fronteals aré similar to Culcea in general 
appearance. There is no spine-like process on the postero- 


Pecerniecorner (Big, 3G) bic = SC.,2 Pag 10 ).. 


Lachrymal 
Culaea tneonstans 
Wee elongacca lachrymaimic the T[irSt Orbital "pone. “it 
borders the antero-ventral "portion of Ehe orbit. The 
anterior portion Of “che bone is" relatively slender and 
Conmmectes antero-dorsally with the long thin projection of 
the lateral process of mes=ethmoid. A long, strong 


prominent dorso-medial process of the lachrymal is 
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Lo 
aberculated corsally torthérventral surface of the lateral 
ethmoid: ©A deep indentation as réadily seen on the antero- 
SOrea leur ace (Fig. 8) Fig. iA): 

‘Pungitius pungtttus | 

tne lachrymal isssimilarlto Culaea except that the deep 
indentation on the antero-dorsal surface is absent (Fig.9, 
Pe, us). 
Apeltes quadracus 

The lachrymal is identical to the two species above 
except that the bone is relatively larger and without any 


deSepaindentation (Fig. 10, Fig. Lic), 


Suborbital 

Gulaea, theonstans 

The suborbitals are usually three in number (including 
the lachrymal). The second suborbital is short and slender. 
It connects with the last suborbital. The last or third 
suborbital is relatively broad with several lobes along the 
ventral maxgin of the bone (Fig. 11A). 
PUnGlt US Uungl Thus 

Thereware three Suborbital (ineluding the Uachrymel)- 
The second“suborbital is Similar an size and appearance to 
Cutacu. Tie bast suborbucealvas drchotomously branched 
pescerioniy (Fira: 1LB); 
Apeltes quadracus 

In most specimens of Apeltes there are two suborbitals 
(Gncluding the lachrymeal). (§he last or Second suborbital 


is about the same size as the third suborbital of Culaea or 
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Pungttitus. The anterior portion of the bone is broad while 


the posterior portion is marrow (Fig. 11c). 


tI Obie region (Fig. Save ee; Fig. 4h 8 OF Fig) 5 A;BY C3 
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Sphenotic 
Culaea ineonstans 
The sphenotic is a relatively large bone. It forms 
perk Of the posterior border of the Grbit. ‘The bone is 
articulated anteriorly with the frontal. A prominent process 


of the sphenotic projects anteriorly into the orbit region. 
At its antero-ventral surface there is a shallow depression 
for an articulation with the anterior head of the hyomandi- 
bular. Anteriorly, the bone is articulated with the lateral 
process of the parasphenoid. The sphenotic is bordered 
ventrally by the prootic and posteriorly by the pterotic 
ROS W og PE) seg lac Rammer; Weg ix We Commas sb lr 
Pungtttus pungtttius 

The sphenotic is similar to the above species (Fig. 
BAG ap Oy. 
Apeltes quadracus 

The sphenotic is identical to the two species mentioned 
above except that the anterior process of the bone is 


Yetatavyeiy; blunt (hag. SC, mag loa). 
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Pterotic 

Culaea tneonstans 

The pterotic, referred to as the supra-temporal by 
Liem (1963), is a large bone with the small anterior 
projection lying over the posterior end of the sphenotic. 
The bone possesses a prominent posterior process which 
extends posteriorly. The antero-ventral surface of the bone 
possesses a conspicuous shallow depression for articulation 
with the dorsal head of the hyomandibular. The pterotic 
is bounded anteriorly by the sphenotic, antero-dorsally by 
the parietal, postero-dorsally by the epiotic, postero- 
ventrally by the exoccipital, and antero-ventrally by the 
PEOOELEe Bid). GA, "Fig 4h) ii Gee bAy eign) oy 
Pungtttus pungitttus 

The pterotics (supratemporal) are identical to the 
Previous Species (Fxg. 3B) Fig. 42By Pig. 5B, Fie. 9). 
Apeltes quadracus 

The pterotics are similar to the two species mentioned 


Sabo Vee Mary Oe te rig. 4G) Cig OG i ge 0) )* 


Parietal 
Culaea tneonstans 
The parietal appears in dorsal view as a somewhat 
rectangular and relatively elongate bone. The bone is 
bounded anteriorly by the frontal, antero-laterally by the 
Spnenotic, ventrally by the pterotic, and posteriorly by the 


en otic (a osesn irl Pe ayere gt ok Cig as) . 
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Pungtttus pungtttus 

The parietal seems to be similar to that of Culaeaz in 
goiereal “appearance (Fig. 3B tic, 4B, Fig...5B, Fig, 9) . 
Apeltes quadracus 

No differences were found between Apeltes and the two 
Svecteownen tioned above (Mig. 30, Fig, AC, Big. 5¢, Big. 10) - 

PROOGLS 

Culaea tneonstans 

The prootics are very large bones, somewhat pentaconal 
in shape, and articulating ventro-medially with the 
pharyngeal process of the parasphenoid. The bone is 
bounded anteriorly by the lateral process of the parasvhenoid, 
An Cero-lLatcerally by the sphenotic, postero-laterally by the 
pterotic, and posteriorly by the exoccipital and basioccipi- 
tal. The prootr@ possesses a large foramen antero-ven<rally 
(PDs ag ow 2) 
Pungtttus pungttius 

The prootic is identical to the same bone in Culaéa. 
CELLO 5 6B). 5 
Apeltes quadracus 

The prootic is similar to the two species mentioned 


apovye: Rig. 6C).. 


EpLooLc 
Culaea tneonstans 


$35 


The epiotic is a somewhat conical bone, forming the 


barge 

Pesterc-dorsal corner of the cranium. The bone is bounded 
anteriorly by the posterior parietal, medially by the 
Tateral OOmueUs “Or Supra eccipical, laterally bythe mereroric, 
and posteriorly by exoccipital, The epiotic does not reach 
Che werancn magnum (Fig. SA, Pig.) 4A) 3% 
PUNGLULUS Pungtttuse 

Dheweplotie 15° identical torr77dcq 4(Fig.) 3h Fig.” YBr 
Apeltes quadracus 

The epiotic is similar to the two species mentioned 


aouOver ICRI g. SC, ig. 40). 


Intercalary 

Culaea tneonstans 

The intercalary is a relatively small bone. It is 
a somewhat square shaped bone, lying beneath the suture 
between the pterotic and exoccipital (Fig. 6A). 
Pungittus pungittus 

The intercalary appears to be similar to the previous 
species (Fig. 6B). 
Apeltes quadracus 

Whey imcercalary LS simalen £O che two Species mencionea 


above (Fig. 6C) 


Posttemporal and Supracleithrum 
The posttemporal and the supracleithrum of the three 
species have been described in détail by Nelson (1971) “and 


so they are omitted here. 
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Sip rasecetp iva 
Culaea tneonstans 
Tne Supre, Occipital is maple=leaf-lLike to hexagonal 
in general appearance. There is a conspicuous median keel 
extending postero-—dorsalyy. “The Gupra occipital does not 
reach the foramen magnum. The bone is bordered anteriorly 
Dye Posterior margin of ~rontals, laterally by parietals 
and, GPaetics, and posterlonly by exoccipital (Figs 3A, Fic. 
4A). 
Pungittus pungtttus 
The “supre OCGipital tS similiar to the Culaca except 
Chat ime Orocsss ws Longer iiigs] 3B). 
Apeltes quadracus 
The Supra OCCcipital 2s Gimilar to the two species 
mentioned above. The most noticeable difference is that the 
dorsal process is a very strong bone, forming a strong 


Spaivemuria. 10). 
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Cutlaed tnconstans 

Mie exoccipltal Ws a fairly large curved bone, extend- 
ing dorso-ventrally. Iwo foramina can be seen ventrally 
One each exocecipitel (seen im fig. 6, but ROE labelled). The 
left and right postero-dorsal rings of the exoccipital torm 
the large opening of the foramen magnum, located at the 
posterior end of the Granium. The Gxoccipital 1s bounded 


Btetioriy by Ehe eplotic, laterally by the pterotic, 
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antero-ventrally by the prootic, ventro-medially by the 
basioccipital, and antero-medially by the supra occipital 
CBr Ay, rig. 2A). | 
Pungtttus pungitius 

MNe Gxoccipitals aré.tdentical in appearance to Culaen, 
excepe that the postéero-dorsal wings are longer (Fig. 3B). 
Apeltes quadracus 

They cxoccrpital is Similar to the two species mencioned 
above. The postero-dorsal wings are relatively short (Fig. 


BE). 


IV-Aveeetoraival reqvuon (ric se), 2,8, Cc) 


Basioccipital 

Culaea tneonstans 

The basioccipital is more or less fan-shaped. The 
posterior end is modified to form eee nas inie condyle 
FOn asta culation, with the wirst vertebra. “Ventraily, ene 
basioccipital possesses a very long prominent pharyngeal 
process projecting anteriorly from the posterior end of the 
bone. Nearly half of pharyngeal process of the basioccipit- 
aise sjoLimed laterally to they pharyngeal, process Of, the 
parasphenoid. The bone is bounded anteriorly by the 
posterior prootic, laterally by the exocCipital “(Pig . GA) . 
Pungittus pungttius 

Tie basiocei pital 1s.adentical. to Cuv@eq (Fig. 968). 
Apeltes quadracus 


The basioccipital is similar to the two previous 
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Species  (Pigws 6c) < 


Parasphenoid 

CuLdeag tnconstans 

The parasphenoid is a remarkably long bone and covers 
che ventral surtece Of the Merocranium for about four—-frertns 
Of Lts entire length (the anterior paraspienoid lies over 
tae vomner). The bone consists of a long narrow body and two 
dorso-lateral ascending processes. The posterior process of 
the parasphenoid is called the pharyngeal process which is 
split (Fig. 7A). The lateral process of the parasphenoid is 
connected! anteriorly with thetsphenortic. VYheropharyngeal 
process of the parasphenoid is articulated laterally with 
prOSLICy (Figt GA). 
PURGLETUS PUNGTELUE 
, The Parasphenotd is Wdenticals to) Culagea. (ig. ) 6B) 
Apeltes quadracus 

The parasphenoid is similar to the two species 


mentioned above (Fig. 6C). 


Vo Brenchiocrani um 
Roetvyobranenial region (Fig. 98, Hig. 9, Fig. 15D; Pig. 1L6b, 


BiG weeks b) 


trterhyet 


Culaeg tnheConstans 
The interhyal is a small rod-shaped bone connected at 


OnewendetorEhe Posterior margin o: the Gpihvel., he other 


FR ee 
end points posteriorly and loosely touches the dorsal process 
St tie Preopercular {Fig. sy rig. 5p). 

Pungtttus PG Ais 

The interhyal is identical in appearance to Culaea 
(pies aro. Vol). 
Apeltes quadracus 

The interhyal is identical to the two species mentioned 


SoOvewtrags LO Fig. L7D). 


Epihyal 

Culaega tneonstans 

The epihyal is somewhat triangular. Half of the bone 
is underneath the posterior process of the elongate 
ceratohyal (Fig. 15D). 
Pungittus pungtttus 
‘ The epihyal is more or less similar to the previous 
Species (Figs *l6p) . 
Apeltes quadracus 

The epihyal is similar to both species mentioned above 


(ite c ty Ul. 


Ceratohyal 
Culaea tneonstans 
The ceratohyal is a fairly large bone, basically the 
anterior portion is narrow while the posterior portion 
gradually expands. The posterior portion is nearly three 
times wider than the anterior end. The bone possesses the 


Yong posterior process (Pig. 15D). 


‘ she § 


ae 
PunguLrous pungeiius 
There is no morphological difference between these two 
specie@se (Figs, 16D). 
Apeltes quadracus 
ie ceratohyal is similar to the two species mentioned 


above (Fig. L7D) . 


Hypohyal 

Culaea tneonstans 

The hypohyal consists of two parts. The dorsal bone 
(Dorsal hyponyal) is triangular and the ventral bone 
(Ventral hypohyal) is shaped like a smoking pipe with its 
handle projecting posteriorly and touching along the ventral 
surface of the ceratohyal. The dorsal hypohyal is articul- 
ated posteriorly with the anterior ceratohyal. The hypo- 
Byaeleis connected anteriorly wrth the posterior end of the 
bacthnyvalw (Figs LSD). 
Pumas DunguiTus 

Thewnyponyal is identical to ste previous: Species 
Chung. elo) 
Apeltes quadracus 

The hyoohyal is similar couboeth species tmmentioned 


anover (Fig. L/D) . 


Basihyal 
Culaea tneonstans 
Mie basihyal (qlossohval) ie a long, single, rod-like 


bone extending posteriorly. The bone articulates 
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postero-ventrally with the anterior end of the posterior 
bastive! (Pig. 5B). 

The posterior basihyal is a single bone triangular in 
Siape, “he posterior end mf tkhesbone consists of wa 
processes which for the spine (Fig. 5c). 

Pungtttus pungtttus 

The basihnyal and posterior basihyal are similar to 

Cia UES A6C). 
Apeltes quadracus 
The basihyal and posterior basihyal are similar to the 


~WOouspectes mentioned abavye (Fig. 17C). 


Urohyal 

Culaea tnconstans 

The urohyal is “a long, single bone with a pointed end 
projecting posteriorly. It possesses ventro-lateral ridges 
on both sides. The ventral surface of the bone expands 
Droadiy. The bone is situated anteriorly underneath the 
postero-ventral surface of the posterior basihyal (Fig. 15B, 
PCG SG) 
Pungtttus pungittus 

The wrohyal is identical to the previous species (Fig. 
Hobs ig Loe)\. 
Apeltes quadracus 

The urohyal develops a very narrow ventral surface area 
(Rig we). Figs L7C) ,cotherwise itis simitarto tutaeu and 


Pungetius. 


24, 
Branchiostegal ray 
Culaea tneonstans 
Three branchiostegal rays are present, each ray is a 
long slender bone projecting posteriorly and curving upward. 
The two most anterior rays are connected laterally with the 


ceratohyal, while the last long ray is articulated with the 


Pungitttus pungtttus 

The three branchiostegal rays are similar to Culaea 
(Bigs 16D)... 
Apeltes quadracus 

The three branchiostegal rays are similar to the two 
species mentioned above, except that the first ray is 
connected laterally with the ceratohyal while the two 


posterior rays join to the epihyal (Fig. 17D). 


Basibranchial 
Culaea tneonstans 

The two basibranchials are rod-shaped bones. They 
do not touch the hypobranchials. 

Three pairs of hypobranchials are present. They are 
somewhat pulley-like in form, having identical plates on 
both dorsal and ventral surfaces. They touch loosely in 
between the ceratobranchials and the epibranchials. 

Five pairs of ceratobranchials are present. The first 
four pairs of anterior ceratobranchials are very elongate, 
rod-shaped bones. The fifth paired ceratobranchial is 


expanded anteriorly with distinctive numerous sharp teeth 
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appearing on the dorsal surface. The gill rakers are present 
along both lateral margins of the ceratobranchials. The 
number of the gill rakers ranges from 10-12. They are found 
on each margin of the bone except that the gill rakers are 
present ‘only on one side of the Fifth pair of the cerato-— 
branchtaly (Fig. 125A). 
Pungtttus pungtttus 

The two basibranchials and three hypobranchials are 
Similar to Culaea. The five pairs of ceratobranchials are 
Similar to Culaea in general appearance, except that the 
fifth pair lacks gill rakers. The gill rakers are present 
on both margins of the ceratobranchials. The number of the 
gill rakers ranges from 10-14. The prominent long gill 
rakers appear on the first pair of the ceratobranchial 
(iia. bon. Fag. L6B) 
Apeltes quadracus 

The two basibranchials are similar to the two species 
mentioned above. The hypobranchials are considerably 
larger than the two mentioned species. The third pair of 
hypobranchials appear to be rod-shaped bones (Fig. 17A, Fig. 
Baeea. 

There are five pairs of ceratobranchials. The fifth 
pair Uaeke gill takers. The gill, rakers) are relatively 


short and small. There are 8 gill rakers on the cerato- 


branchial borders: (Fig. I7A, Fig. 178). 
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Epibranchial and Pharyngobranchial 
Culaea tneonstans 

There are four paixs of epibranchials, the fifth epi 
branchial is wanting. The epibranchials are slender rod- 
Shaped bones which are connected anteriorly to the posterior 
Ceratobranchial. The first peir of epibranchials are larger 
than the rest and the bones appear without any projections. 
Dne second, third, and fourth Gairs Of Gpibranchials have 
conspicuous projections dorso-medially (Fig. 15A). 

The first pharyngobranchial is absent. The second 
pharyngobranchial is a small plate-like element bearing teeth 
ventrally (the number of the teeth ranges between 4-6; the 
same number is found in Apetvres) . 

Phe third anc: rourch pharyngobranchitals are fused and 
iPeCLstingiishiable from one anotner. The ventral surface 
is covered with numerous, well-developed teeth (Fig. 15A). 
Pungtttus pungtttus 

The epibranchials are more or less similar to the 
previous species. The first pharyngobranchial is wanting. 
The second pharyngobranchial ta identical to Culaeq, Gxcepe 
that the bone bears 10-16 sharp teeth (Fig. 16A). 

Apeltes quadracus 

The epibranchials are similar to the two species 
mentioned above. The first pharyngobranchial is absent. 
The second pharyngobranchial bears sharp teeth. The number 


of the teeth ranges between 4-6, the same number found in 


Culaea (rid, LjA). 
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Operculum 
Culaea ineconstans 

The operculum is a remarkably large, triangular bone 
with the articular process appearing as an ear-like projection 
au Ghe fancero-dorsal corner of the bone. The eid sislmeranke ka 
COImer OF the operculum articulates with the posterior head 
process of the hyomandibular, whereas the posterior border 
is broadly extended. The posterior margin is ragged, rather 
than continuous and smooth, consisting of squared off rod- 
ieee DEogections (Fig. @,ehig. lan). 

The suboperculum appears as a long, sickle-snhaped bone, 
with a convex ventral edge. The blade of the sickle curves 
in a postero-dorsal direction ending at a sharp point. The 
broad handle of the sickle curves upward and gradually more 
anteriorly, ending with a relatively straight basal margin 
(@arGin almost vertical, wilh the ventral comer more 
anterior than the dorsal corner) (Pig. LAA). 

The interoperculum is an elongate, triangular-shaped 
bone with the ventral surface curved inwards and the elongate 
timp pointed anteriorly. The posterior margin and Che most 
posterior border of the bone is opposed to the entero-ventral 
curvature of the suboperculum. The interoperculum lies 
Internal to. the preoperculum (Fig. 8, Fig. 4A). 

The preoperculum is almost sickle~shaped, with two 
limbs, one pointing dorsally and the other anteriorly. The 


two limbs thus tend to give -the postero-ventral corner of 
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28. 
the preoperculum somewhat of a right-angled shape (>90°) 
CREO. SA) 

Pungittus pungtttus 

The operculum is similar to Culaea, except the posterior 
Margin of the bone is smooth (Pig. 148). 

The suboperculum looks the same as in Culaea whereas the 
antero-ventral surface of the suboperculum is somewhat 
convex, and is opposed ventrally to the posterior end of the 
interoperculum (Fig. 148). 

The interoperculum is identical to Culaea, except that 
the postero-ventral portion of the bone has a relatively long 
extension (Fig. 14B). 

The preoperculum is more or less identical to the 
previous species (Fig. 14B). 

Apeltes quadracus 

The operculum is an axe-shaped bone, with a relatively 
straight posterior margin. The margin of the bone is smooth 
along the entire blade-Like border. 

The supopercular 15. similar CG Puig¢erus ;, GCxXCeEpt tat 
tne posterior border of the bone is jagged. The bone 
overlaps anteriorly with the preoperculum and dorso-medially 
With the ventral corner Of thesoperculim (Fig. 14C). 

The interoperculum is similar to both species mentioned 
above. The posterior portion of the interoperculum is 
relatively round and slender in appearance (Fig. 14C). 

The preoperculum is similar to Culaea and Pungittus 


(Pig UO. Fig. 14C): 
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Palatine and Entopterygoid 

Culaea tneonstans 

The palatine is a slender curved bone, connecting 
aicero-laterally to the posterior eno of mesethmoid, 
dorsally to the ventral surface of the lateral ethmoid, 
Jaterally to the pachrymal, posteriorly to the entopteryqoid, 
The body of the palatine among the three species is similar 
(lila eo he BAC) 

The ectopterygoid is absent among the three species. 

Mie emt oprery gold “is a sorodd cin Done... 7 Tee bordered 
anteriorly by the palatine and ventrally by the triangular- 
shaped quadrate. The posterior end of the entopterygoid 
@0es Not reach the anterior Symplictic floor. There as a 
big gap between the posterior entopterygoid and the anterior 
symplectic (Fig. ISA). 
PuUngLEtus pungittus 

The postero-yentral part Of the entopterygoid overlaps 
the antero-dorsal floor Of the Symplectic (Fig. 138, Fig. 
U4). 
Apeltes quadracus 

ui Thee entopterygoLld 1s similar to’ Pungitius (Fig. 13C, 
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Metapterygoid 
Culaea tneonstans 
ihe metapterygoid is Varlable im shape, It articulates 
antero-ventrally with the postero-dorsal surface of the 
symplectic and posteriorly with the hyomandibular (Fig. 13A, 


Fag. 4A). 


Pungtttus pungittus 


Q 


the metapterygoid 1s similar to Culaea (Fig. 138; Fi 
14B). 
Apeltes quadracus 

The metapterygoid is identical to the two species 


meneLroned (above (Fig. 13C, Faqs 146). 


Symplectic 

Culaea tneonstans 

The symplectic is a relatively large, elongate, curved 
bone. It is a/single piece of bone but it seems to consist 
of three different bones. The bone is articulated anteriorly 
with gquadrate and dorsally with the ventral surface of the 
metapterygoid. The anterior symplectic rests on the posterior 
process of the quadrate (fig. 113A, Fig. 4A). 
Pungitius pungittus 

ihe symplectic 1s identncal to Culaeq, except that thie 
anterior end of the symplectic reaches and joins with the 
postero-ventral surface of the entopterygoid (Fig. 13B, Fig. 
ae 
Apeltes quadracus 


The wsymolectic is Similar to Pungitive (Fig. 13C, Fig. 


34. 
14C). 


Culaea tneonstans 

The quadrate is more or less a quadrangular bone with 
its antero-ventral corner modified into a condyle. fey 
dorsal border of the bone is convex. The bone is articulated 
dorsally with the entopterygoid. The posterior edge of 
the bone extends posteriorly to form a long prominent dorsal 
process of a drain-pipe-like bone and joins posteriorly to 
the quadrate and the anterior portion of the simplectic 
CPG LSA) 
Pungtttus pungtttius 

The quadrate is identical to Cutaea (Fig. 13B). 
Apeltes quadracus 
; The quadrate is similar to both species mentioned 


epoves (Fig. 13C)-. 


Hyomandibular 

Culaea tneonstans 

The hyomandibular consists of a body with an anterior 
articular head, dorsal articular head, and posterior 
articular head. The anterior head forms an extra broad 
process, projecting anteriorly, and articulated with the 
metapterygoid. The anterior head of the hyomandibular is 
articulated with the sphenotic, the dorsal head is 
articulated with the pterotic, and the posterior head of the 


bone is connected with an articular facet which is situated 
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22% 
on the medial surface in the antero~dorsal corner of the 
operculum. The posterior head of the hyomandibular forms a 
prominent posterior process projecting downwards which is 
situated underneath the preoperculum (Fig. 14A). 

PYURGeT TUS DUnGLTtUsS 

ine Nyomendibular is “similar to Guiaca (fig, 1438). 
Apettes quadracus 

The hyomandibular is identical to the two species 


mentioned above (Fig. 14¢C). 


Premaxillary 
Culaea tneonstans 

The premaxillary possesses prominent teeth and a well- 
developed ascending process. 

The toothless maxillary is a slender bone. The anterior 
dorsal part of the bone loosely touches the ascending process 
of the premaxillary. It is a moveable bone which assists the 
prenexuitary in projecting Out for feeding purposes (rig. 3A, 
| ess Poo nap Gee Cael Cage o 2 ras, ae @ Maes ® Lee 
Pungitttus pungtttus 

The premaxillary and the maxillary are similar to 
Chieti ob VLG. Ob ewe Obey PEO. o) . 

Apeltes quadracus 


The premaxillary and the maxillary are similar to both 


suecies mentioned “above “(Fig@. 3, Pig. SC, Frg. oC, Peres cbO a 


~) tte -ae Anite a2e Fai Choe 


Angular 

Culaea tnconstans 

The angular is dart-like in appearance. It has a 
prominent pointed process anteriorly. The postero-dorsal end 
Or the dentary lies over the anterior process of the angular. 
Tae Dostero-=ventral arm On the centary does not fouch the 
encero=Ventra). corner Of the angular-as 1 does im both 
Pungtttus and Apeltes. The postero-dorsal process of the 
angular is rather Sead. Ee wpOostero-Corsal process jor 
the sarnigulanr doés not reach the. postero—-dorsal -dentary. 
Postero-ventrally, the angular is reduced to a long slender 
process on which the antero-ventral condyle of the quadrate 
rests (Fig. 14A).. 
PUNGELTNS PUnGLELuS 

The angular 1s similar to Culaea (Fig. 4B). 
Apeltes quadracus 

The angular is similar to the two species, except that 
the postero-dorsal process of the bone is relatively blunt 
and overlaps the dorso-posterior process of the dentary 


Lelio LAG). 


Dentary 
Culaea tneonstans 
The dentary is a strong, large bone possessing prominent 
teeth along the antero-dorsal portion of the bone. The 
POeterior End. consists of two different parts, tie tong and 
strong postero-dorsal process and the slender elongate 


postero-ventral process which does not touch the antero- 
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34. 
ventral corner of the angular (it does not touch the anterior 
MaegliOpGlne retroareiculer (fig, 14a). 

PUNGLELUS! PUNGLTELUS 

The dentary is Similar ta Culaéed, except that the 
posterior arm of the bone reaches the retroarticular (Fig. 
TABS 
Apeltes quadracus 

The-dentary is similar to Culaeo and Pungiitus , except 
thet che ventral process of the bone touches the ventral 


Gormer (of the angular ygand, theysretroarticular: (rig. 14¢). 


Retroarticular 

Culaea tneonstans 

THe +FEeLroarticular ms f2-Ssmall Triancular—siaped boue. 
erie against the postero-ventral corner of the angular. 
It is also a cup-shaped bone with the open mouth on the dorsal 
surface. The ventral corner of the bone is projecting 
downward (Fig. 13A). 
Pungtttus pungttius 

Therretroarcicular Ls eidsitical to Culagea (Fig. 128). 
Apeltes quadracus 

The retroarticular is more or less similar in general 


appearance to the two species mentioned above (Fig. 13C). 
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DISCUSSION 


AND CONCLUSIONS 


A general summary of the morphological differences of 


the cranial skeleton of the three spécies of sticklebacks, 


Culaea tneonstans, Pungittus pungittus, and Apeltes quadracus 


is presented below. 


Culaea tnconstans can be distinguished from Pungittus 


pungtttus as follows: 


Name of the Bone 


Nasal 


mes-ethmoid 


Frontal 


Lachrymal 


Suborbitals 


Culaea tneonstans 
is shorter and the 
ventral process is 
suai ter (Pig? 3A, 
oT os Pee 
is sShorter* (Pigs 
B22): 
is tagsmalLiecireular 
shaped bone (Fig. 


2A) % 


LS "short e(Bige 3s2r) 
Big’, «aa. 

a deep indentation 
appears on the 
antero-dorsal 
Ssurtace’ (hig. “3; 
Fig. IIA). 


are usually three 


PUNGLETUS PUunoLETUS 
is longer and the 
ventral process is 
larger (Fig. 3B, 
BG. DBA 

us “longer and 
Slimmer (Fig. 12B).. 
is an oval-shaped 
bone with the wider 
part on the dorsal 
penton s (lag ¢ G28) 
Pelthonge (cig .isee 
Pid. ob ih. 


lacks indentation 


(Fig. 9, Fig. 11B). 


are three in number 
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Name of the Bone 


Supraoccipital 


Exoccipital 


Gill rakers 


2nd Pharyngo- 


branchial 


Operculum 


Culaea tneonstans 
in number 
(including the 
lachrymal). The 
last one has 
several shallow 
lobes along the 
posterior margin 
(fig: PA}, 

has a relatively 
short dorso- 
medial process 
Gunes 
has a relatively 
short postero- 
dorsal wing (Fig. 
3A, Fig. 4A). 

are short, the 
number ranges from 
10-12 found on both 
margins of the 
ceratobranchial 
(Pig. ESA). 

bears 4-6 ventral 


teeth (Fig. 15A). 


has a ragged 


3 


Pungttitus pungtttus 


oO) 


« 


(including the 
lachrymal). The last 
one is dichotomously 
branched on the 
posterior margin 


(Fig. 11B). 


has a long dorsa- 
medial process 


(Fig /"3B, Fig. 4B). 


has a long postero- 
dorsal wing (Fig. 


3B). 


are .long, the number 
ranges from 10-14 


(Fig. 16A, Fig. 16B). 


bears 10-16 teeth 
on the ventral 
surface (Fig. 16A). 


has a round, 


cet, 
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Name of the Bone 


Suboperculum 


Interoperculum 


Entopterygoid 


posterior margin 


(Fig. 8, Fig. 14A). 


is concave on the 
antero-ventral 
surface. The post-— 
erior margin is 
continuously smooth 
(Fig. 14A). 
possesses some- 
what of a vertical 
Margin posteriorly 
(Pig. say. 

does not reach to 
the symplectic 
Fil6GEe AE igs* LSA; 


Fig. 14A). 


concave posterior 
margin with a contin- 
uously smooth border 
(Fig. 14B). 

is convex on the 
antero-ventral 
surface and is contin- 
uously smooth on the 
posterior margin 
(Fig, (L4n)-, 

possesses a long 
extension on the 
postero-ventral 
portion (Fig. 14B). 
overlaps the symplec- 
er omg ia Ws ug ets pm a he 


14B). 
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Culaea tneonstans can be distinguished from Apeltes 
quadracus as follows: 
Name of the Bone Culaea ineonstans Apeltes quadracus 
Mes-ethmoid LS longer (Pigs 12 Len Shomer (rig. 12 
A). Cee 
Lateral ethmoid has a small dorsal has a remarkably 


process and a.smali large dorsal flap- 
ventro-medial funnel like process and a 
shaped bone (Fig. faariy broad part of 
ies ee the ventro-medial 


Ip Of funmeL Orig. 


tC). 
Single ethmoid a Stall circular a large oval-shaped 
boner tei eb. Ae bone: (Fig. 12C). 
Vomer head | is more or less a is somewhat long and 
square-shaped bone rectangular (Fig; 
CH cir 2 as VAS) ae 
Frontal bears a spine-like bears @ blunt process 
process on pe on the postero- 
postero-lateral lateral corer (Fig. 
corner, (faq. 3B; By PG gw) ts 
iste pee Sie) 
Lachrymal relatively smaller relatively larger 


with a deep indent- without a deep 
ation on the antero indentation (Fig. 
dorsal surface EO Ne res Lede haw ae te 
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Name of the Bone 


Brancheostegal 


rays 


Gill rakers 


Operculum 


Suboperculum 


Culaea tnconstans 
area rig t. Looh 

Fa g¢ MiSGh. 

The two anterior 
rays are connected 
laterally with the 
ceratohyal, while 
the last one is 
joined to the 
epuliyal. (Pig, 15D) % 
the number ranges 
from LO=-12, They 
are LOund On born 
margins of the 
ceratobranchial 
CEE rare )e c 

has a relatively 
concaved, ragged 
posterior margin 
(Pa ce i ee eA) 
is concave on the 
antero-ventral 
surface. The post- 
erior margin is 
continuously smooth 


(Fig. 14A). 


Apelttes quadracus 


area (Fig. 17B, 
PiGeGLIGr. 

the first anterior 
ray is connected 
laterally wien ihe 
ceratohyal while the 
two) posterior yays 
are joined to the 
epihyal (Fig. 17D). 
ane Very share, 
THerSet arene quit 
rakérs on Gach 
margin of the cerato- 


branchial 


has a relatively 
straight, vertical 
Margin which is 
continuously smooth 
(Bits aC 

is relatively convex 
on the antero- 
ventral surface. The 
posterior margin is 
coninuously ragged 


(Fig. 14C). 


Name of the Bone 


Enteropercoulum 


Entopterygoid 


Angular 


Dentary 


Culaea tnconstans 
the posterior margin 
is almost vertical 
(Fig. T4A) 

does not reach to 
the symplectic floor 
Fig, L308) fad. MAA) . 
possesses a pointed 
postero-—dorsal 
process (Fig. 14A). 
The dorsal process 
of the bone does not 
Louch the poscero— 
dorsal process of 
the angular (Fig. 


Pah. 


41. 
Apeltes quadracus 
he posterior margin 
Ls convex (Fig. LAC). 
overlaps the symplec- 
tic (Fig. 13C, Fig. 
LAC: 
bears a blunt post— 
ero-dorsal process 
(Fig. Ec): 
The dorsal process 
of the bone is over- 
lapped by the dorsal 
process of the 


angular (Fig. 14C). 


Pungtttus pungtttus can be distinguished from Areites 


quadracus as follows: 


Name of the Bone 


Nasal 


Mes-ethmoid 


Lateral- ethnoi.d 


Single ethmoid 


Vomer head 


Frontal 


Pungittus pungttius 
ts<longer (Fig. 3B) 
and the ventral 
procéss is larger 
Des oes s 

is longer and 
slimmer (Fig. 128). 
is small and 


slender (Fig. 5B, 


an oval-shaped bone 


with the wider part 


is shorter (Fig. 3C) 
and the ventral 


process is smaller 


is larger with a 


remarkabiy large 


at the dorsal protion 


(Pita. L2Bi 2 

is a somewhat 
square-shaped bone 
(hig. JE). 

is long with a 
spine-like process 
on the postero- 


lateral corner 


z 


is a somewhat lonc, 


rectangular bone 


postero-lateral 
corner (Fig. 3C, 


Bag, Sel. 


Name of the Bone 


Lachrymal 


SubOrbitals 


Sphenotic 


eupraccet pital 


ExOoCccipltal 


Sphenotic 
Proolic 
Pterotic 
Brocceupital 


Basioccipital 


Wan a mn nnn pe - HS 


Pungtttus pungrttus 


is relatively small 


Le Sae SOR 2 13570, 
Page FAG. 
are three in number 


(including the 


Tri 
A IS es 


Lachirymal)}. Last 
bone “appears the 
Gdichetomous branch- 
ings on the post- 
exrlorimarcqin, Gio. 
te 

has a pointed 
anterlLor process 
(REC gue Si eons 2) os 
has a relatively 
Snort oreal= 
medial process 
(CER RORS Fie EL 3) 
has a2 Long postero— 
Or salewamng UF ig. 


cose Le 


are separated (Fig. 


6B) 


£3. 


guadracus 


‘ 


Apetites 


is a remarkably 


large bone (Fig. 10, 
(Wea ee 

are usually two 
(including the 
lachrymal). The last 


has a relatively 
pointed end (Fig. 


ASG 


has a blunt anterior 
process AEig. 5c, 
Bae. O0e 

has) a Very Sccong 
dorsal spine-like 
process: (Fig .oiG 


has. acvery Shon 
postero-dorsal wing 


Cicabes os 


are suturally 


JOLneSd Crag. GC). 
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Name of the Bone 


cr nee. 


Urohyal 


Brancheostegal 


rays 


Gill rakers 


2nd Pharyngo- 


branchial 


Operculum 


Suboperculum 


has a broad ventral 
SUE ia Ce wae a) otilut, 
BR Peer Waits (ene 8 

The two anterior 
rays are connected 
laterally with the 
ceratohyal, while 
the last One as 
connected with the 
epihyal Uric. 16D). 
abe Extremely -loug, 
the number ranges 
Lroneeho= ie 


UPL. 


LGAs era. Veekn 


bears 0] l6.tearh 
on the ventral 
SUupLace sae LOA. 
has a relatively 
LOune eager or 
concave posterior 
Margin with contin- 
uously smooth 
border (rig, 148) . 
is convex on the 


antero-ventral 


PungLrttus pungtttus 
a a Se 1 eee eee 


44, 


Apeltes quadracus 
has a very narrow 
ventral surface area 
Bugg soho. Ban Lee 
The first anterior 
is connected later- 
ly with the cerato- 
hyal while the two 
posterior rays are 
Joined to thevepi— 
bya CRI. 

ave Veny short. 
There are 8 gill 
rakers on each side 
of the ceratobranch- 
ial Aes tow Le 
bears 4-6 teeth on 
the Vent rel Sur eoce 
| Re ee ry ae 

has a relatively 
straight and 
vertical margin and 
continuously smooth 


Chia vic), 


is ragged continu- 


OuslLy om «the 


- 7 
' 
7 ny : a 7 ; a 


ae luiies? td 
7s tan 


Name of the Bone 


Interoperculum 


Angular 


DencaLy 


surface. The post- 
erior margin is 
continuously smooth 
(Pig. T4er< 
possesses a long 
postero-ventral 
extension (Pig. 
14B). 

bears a pointed 
DOSLero—dgescs 
process (Fig. 14B). 
The dorsal process 
of the bone does 
not touch the post- 
ero-dorsal process 


of the angular 


(Fig. 14B). 


Apeltes quadracus 
posterior margin 


Cet ean 2 


possesses a convex 
posterior border 


Livers 246) 


possesses a blunt 
postero-dorsal 
process (Fig. 14C). 
The dorsal process 
of the bone is over- 
lapped by the dorsal 
process, of tne | 


angulaxs (Fig. 4L4ac). 


46. 


There 1s no cranial bone that is unique to any of the 
threes species. The only differences: in the bones are 
differences of shape. In some cases, differences in number 
exist. 


The morphological differences between the three species 


| 


Culaea tneonstans, Pungttius pungttius, and Apeltes quadracus 
Nave been characterized by He distinctive features given 
DelLows 

It 1s suggested that Apeltes quadracus possesses the 
most distinctive characteristics and is more specialized 
thamCwiged and Pung~tius, <Apelles has @& reduction in the 
number of the following: gill rakers on the ceratobranchials, 
the suborbitals, and the teeth on the second pharyngobranch=- 
jal. Apeltes also has the following bones reduced in size: 
mes-ethmoid, nasal, frontal and gill rakers (Fig. 3C, Fig. 

5c, Gael O Fig. (Cy. Page A) 

Culaea is characterized by the following distinctive 

Teerures: 

te Baetsing.e etnmoid is 2. small crrcular bone with Lateral 
wing-like processes (Fig. 12A). 

pene tachrymal bearssa deep. indentation on the entero- 
demsat Sareace: (Fig Cin ieoe LA) : 

3. The suborbitals are usually three in number (including 
the lachrymel). The last bone possesses several shallow 
lobes along the posterior margin (Fig. 11A). 

4. Gill rakers are relatively short; the number ranges from 


0312 and are found on ‘both margins of the ceratobranchial 
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59. The second pharyngobranchial has 4-6 prominent teeth on the 
wentral surface (Fig: ITS5A}<¢ 

6. The operculum has a ragged posterior border (Fig. 8, Fig. 
14A). 

7. Entopterygoid does not reach the symplectic floor ( Fig. 
Pen per wd se ASAY - 

Pungitttus can be characterized by the following distinc- 
tive features: 

1. The nasal is long and slender with a large process (Fig. 
SB, Fig: 5B). 

2. The single ethmoid is an oval-shaped bone with the widest 
part on the dorsal portion (Fig. 12B). 

3. The frontal is remarkably long (Fig: 3B, Fig. 5B). 

4. The suborbitals are usually three in number (including 
the lachrymal). The Last one is dichotomously branched 
on the posterior margin (Fig. 11B). 

5. Gill rakers are very long. The number ranges from 10-14 
(eta. “LGA, Fig. 16B) . 

6. The second pharyngobranchial bears 10-16 prominent teeth 
on the ventral surface (Fig. 16A). 

Apeltes is characterized by the following distinctive 
features: 

1. The mes-ethmoid is short (Fig. 12C). 

2. The lateral ethmoid has a long dorsal, flap-like process, 
and a large broad ventro-medial tip on the funnel (Fig. 
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FIGURE 1. Location of Astotin Lake, Elk Island National 
Park ere VatLony to, these, sor ftomnoncon: 


Alberta (aftter Lin, 1968)". 
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FIGURE 2. Residence Point, Astotin Lake, Elk Island 


National Park, Alberta (after Smiley, 1972). 
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FIGURE 3. 
A. Dorsal 
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apsect of neurocranium of Culaea tneonstans 
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aspect of neurocranium of Pungtttus pungittus 
34 mm) 
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35 mm) 
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FIGURE 4. 

A. Posterior 
(sl. 36 
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FIGURE 5, 


A. Lateral aspect of neurocranium of Culaea tneonstans 


(Sai. 
Bee Uateraleascpee. 
Contre 
G. Lateral vaspece 


(oi. 


36 mm) 


34 rm) 


35) mm) 


Terminology: 
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Sel 


are 


nasal ecu 
mes-ethmoid Eos 
lateral ethmoid PAG 


lateral ethmoid process 20a. 


(flap-like) 
lateral ethmoid process 
(beli~shaped) 


single ethmoid 20b. 
vomer 

frontal 44, 
frontal process 45. 


sphenotic 
pterotic 
parietal 
PLOOTG 
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Supraoccipital process 


of neurocranium Of Pungitius pungtivus 


of neurocranium of Apeltes quadracus 
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FIGURE 6. 

A. Ventral aspect of neurocranium of Culaea tnconstans 
(Si. 36 mm) 

B. Ventral aspect of neurocranium of Pungittus pungtttus 
(S534 mm) 

C. Ventral aspect of neurocranium of Apeltes quadracus 
(SI ees Sein) 

Terminology: 
Ue nasal 
ae Mes —ctenmoid 


Ny, lateral ethmoid 


4. Single ethmoid 
Eire vomer head 
6. iese @lOuers as 


6a. frontal process 
oe: sphenotic 


LOR pterotic 


Ls. PrOCtLiC 

1S intercalary 
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ZO parasphenoid 

20a. lateral process of parasphenoid 


20b. pharyngeal process of parasphenoid 
44, premaxillary 


45. maxillary 
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FIGURE 7. 
A. Ventral aspect of parasphenoid of Culaea tneonstans 
(S1. 38 mm) 
B. Ventral aspect of parasphenoid of Pungtttus pungtttus 
(S12 38 am) 
C. Ventral aspect of parasphenoid of Apeltes quadracus 
(Si— 33 mm) 
Terminology: 
5 avome ts 
19, basSioceipital 
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20as laceral process Of paraspienGid 
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FIGURE 8. 


Lateral aspect of neurocranium of Culaea tneonstans 


(See 235 som) 
Terminology: 
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2. mes-ethmoid 

3. lateral ethmoid 
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Lateral aspect of neurocranium of 
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Coes oer) 
Terminology: 
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3. lateral ethmoid 
4. single ethmoid 
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FIGURE 1AgnS 

Lateral aspect of neurocranium of Apeltes quadracus 
(sl. 35 mm) 


Terminology: 


lL; “nasal 23, Ceraconval 
2. mes-ethmoid 28... DranchiLostegal rays 
3. lateral ethmoid 346 ,Operciler 
4. single ethmoid 35. )subcpercular 
62) rrontal 365. 1nteroperculasr 
ie “Lachrymal 37. preopercular 
8. Ssuborba tal 40. metapterygoid 
9. sphenotic 41. symplectic 
LOS) pretocic AD ee Guiad face 
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PICURE Sil. 
Ww Orbital région of Culaeq tnconecans (SUS 33 mm) 
B. Orbital recion (on Pima rius pungertuc mol.) oo mm) 
C. Orbital xegqion of Apeltes quadracus (Si, 37 mm) 
Terminology : 
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8. suborbital 
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FIGURE 12. 

A. Ventral aspect of ethmoid region of Culaea inconstans 
(Si. 36 mm) 

B. Ventral aspect of ethmoid region of Pungitius pungittius 
CSlees Dein) 

C. Ventral.aspect of ethmoid region of Apeltes quadracus 
CS aes faa) 

Terminology = 
2. mes-ethmoid 
Boelaceral etlimond 
4, Single ethmoid 


5. vomer head 
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FIGURE 14. 

A. Lateral aspect of oromandibular region of Culaea 
tneonstans (Sl. 36 mm) 

B. Lateral aspect of oromandibular region of Pungtttus 
Pungiving (Sikes /am) 

C. Lateral aspect of oromandibular region of Apeltes 
quadracus (Sl. 34 mm) 

Terminology: 
345 —opercular 
35. subopercular 
36 Ince Lopercular 
37. preopercular 
38. palatine 
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66. 
PIGURE: 15. 
Hyobranchial region of Culaea inconstans (Sl. 41 mm) 
A. ee aspect of hyobranchial region 
B. Ventral aspect of hyobranchial region 
C. Lateral aspect of basihyal and urohyal 
D. Lateral aspect of hyoid apparatus 
Terminology: 
21 eLntcerhyal 
22. "eprhyal 
23.9) Ceratohy al 
24a. dorsal hypohyal 
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FIGURE 16. 


Hyobranchial region of Pungitius pungtttus 


(S. -40) mim) 


A. Dorsal aspect of hyobranchial region 


B. Ventral aspect of hyobranchial region 


C. Lateral aspect of basihyal and urohyal 


D. Lateral aspect of hyoid apparatus 
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